The wave dispersion relations of the mixed polariton-photon modes propagating along the surface of a semi-infinite layered structure consisting of alternating magnetic and nonmagnetic films are calculated. The magnetic films are magnetized to saturation by an external field parallel to the film plane and perpendicular to the wave propagation direction. Three diFerent types of surface modes are found and discussed. The surface-surface-type and (lower) surface-bulk-type modes can exist in a general layered structure which, when propagating in the positive k direction, corresponds in magnetostatic limit to those surface modes found by Camley et a/. For negative k propagation of surface-surface-type modes, diFerent functional forms are approached in the magnetostatic limit depending on the value of permittivity of the nonmagnetic layers. A new type of surface waves, the upper surface-bulk-type modes, which do not exist in the magnetostatic regime, can arise only if the (optical) permeability of the magnetic medium is larger than the permittivity of the nonmagnetic medium. This is a situation similar to the occurrence of those negatively propagating surface modes in a single semi-infinite gyromagnetic medium as discussed by Hartstein. Among the three types of surface modes only the surface-surface-type modes show a great deal of nonreciprocity with respect to wave propagation directions.
g"=x+(n -1)l,
XXA where I =df +dd is the period of the structure; see Fig. 1. Consider the h field within the nth period of the structure to be of the following form:
h"(r, t)=( A"e~"+B"e~" )e'~"y 
Equation (10) is identical to the one derived by Barnas" and applies to the bulk-mode dispersions in an infinite medium.
In order to consider a semi-infinite medium, as we are in this paper, one needs to introduce boundary conditions at the interface between air and the layered structure; see Here Q denotes the one-dimensional wave vector in the reciprocal space conjugate to the one-dimensional vector space of the x axis; say, the one-dimensional superlattice. A surface wave is said to be of the surface-bulk type if it is oscillatory within the magnetic layers; otherwise we say it is of the surface-surface type.
Note that surface modes are always nonoscillatory within the nonmagnetic layers. Surface modes which, in the magnetostatic limit, lead to asymptotic frequency values of Eqs. (24), (25a), and (25b) are surface-surface-type waves. There is only one branch of surface-surface-type waves for each propagation +y direction. Surface-bulktype modes identified in Ref. 3 are condensed into a single frequency value co, in the magnetostatic limit. We distinguish them in this paper as the "lower" surfacebulk-type modes. We shall see in Sec. IV that another type of surface mode could exist which does not yield to the magnetostatic limit: it is always dynamically coupled with photons in the retarded regime. We call this third type of surface mode the "upper" surface-bulk type, because the corresponding waves are oscillating within the magnetic layers and the frequencies are above the frequency range of the lower surface-bulk-type waves. Before plotting the dispersion relations of Eq. (18) In particular, all the dispersion plots take a single value for Qp which is chosen to be equal to 2.
IV. CALCULATION RESULTS
Before discussing the dispersions in a multilayered structure, we introduce the case corresponding to a single magnetic medium first. Figure 2 shows the dispersion curves of the surface and bulk modes in a semi-infinite gyromagnetic medium possessing an optical permeability equal to 1.5. In this figure solid lines represent surfacepolariton modes, dashed lines denote bulk polariton modes, dashed-dotted lines denote photon modes in air, and the dotted line defines the line of u =co, such that the bulk polariton modes converge to it in the magnetostatic limit. Note that the surface polariton mode can propagate in the negative y direction only if pf takes a value larger than unity. 
